We analyze the 2-point correlation function (2PCF) of galaxy groups identified from the 2-degree Field Galaxy Redshift Survey with the halo based group finder recently developed by Yang et al. (2004b) . With this group catalogue we are able to estimate the 2PCFs for systems ranging from isolated galaxies to rich clusters of galaxies. The real-space correlation length obtained for these systems ranges from ∼ 4 h −1 Mpc to ∼ 15h −1 Mpc, respectively. The observed correlation amplitude (and the corresponding bias factor) as a function of group abundance is well reproduced by associating galaxy groups with dark matter haloes in the standard ΛCDM model. Redshift distortions are clearly detected in the redshift-space correlation function, the degree of which is consistent with the assumption of gravitational clustering and halo bias in the cosmic density field. In agreement with previous studies we find a strong increase of the correlation length with the mean inter-group separation. Although well determined observationally, we show that current theoretical predictions are not yet accurate enough to allow for stringent constraints on cosmological parameters. Finally, we use our results to explore the power-law nature of the 2PCF of galaxies. We split the 2PCF in 1-group and 2-group terms, equivalent to the 1-halo and 2-halo terms in halo occupation models, and show that the power-law form of the 2PCF is broken, when only including galaxies in the more massive systems.
INTRODUCTION
In the standard cold dark matter (CDM) cosmogony galaxies are assumed to form in virialized dark matter haloes. Theoretically, the properties of the halo population can be studied in great detail with the use of high-resolution Nbody simulations and sophisticated analytical models. Observationally, however, dark matter haloes can only be detected indirectly; either through their gravitationally lensing of background sources, or by using galaxies and/or X-ray gas as tracers of the dark matter potential wells. In this paper we investigate the clustering of dark matter haloes using the second method.
Based on galaxy kinematics, X-ray studies and gravitational lensing effects, it is now well established that clusters of galaxies are associated with the most massive dark matter haloes. Observations show that clusters of galaxies are strongly clustered. The cluster-cluster two-point correlation function, ξcc(r), is roughly a power law, ξcc(r) = (r0/r) α , h = 0.7, but differs significantly from the predictions for a CDM model with Ωm,0 = 1 and h = 0.5 (see also Bahcall et al. 2003) .
The r0-d relation for poorer systems can be probed by studying the correlation function of galaxy groups (Zandivarez et al. 2003; Padilla et al. 2004) . Using groups of galaxies selected from the 2dFGRS, Padilla et al. (2004) found that the s0-d relation (with s0 the correlation length in redshift space) obeyed by clusters extends to poor groups. Unfortunately, the connection between galaxy groups and dark matter haloes is less straightforward as for rich clusters, simply because the smaller number of galaxies involved in individual groups makes it harder to identify systems that are physically associated. The correspondence between galaxy groups and dark matter haloes may therefore depend significantly on the group finder used, complicating the interpretation of the observational results. In order to overcome this problem, one needs a group finder that associates galaxies according to their common dark matter haloes.
In a recent paper , hereafter YMBJ), we developed a halo-based group finder that is optimized for grouping galaxies that reside in the same dark matter halo. We tested the performance of this group finder extensively using mock galaxy redshift surveys constructed from the conditional luminosity function model (Yang, Mo, van den Bosch 2003; van den Bosch, Yang, Mo 2003; Yang et al. 2004a) , and found that our group finder is more successful than the conventional friends-of-friends (FOF) algorithm in associating galaxies according to their common dark matter haloes. In particular, our group finder performs also reliably for very poor systems, including isolated galaxies in small mass haloes.
In this paper we analyze the 2-point correlation function (2PCF) of the galaxy groups identified by YMBJ. As we will show, our group catalogue allows us to determine 2PCFs for vastly different systems, ranging from isolated galaxies to rich clusters. Using detailed mock galaxy redshift surveys (hereafter MGRSs), we show that the group correlation functions are closely related to those of dark matter haloes. The paper is organized as follows. In Section 2, we briefly describe our group finder, and summarize the properties of the group catalogues obtained from the 2dFGRS and the MGRSs. In Section 3 we estimate the 2PCF of galaxy groups in the 2dFGRS. The relation between the correlation of galaxy groups and that of dark matter haloes is examined in Section 4. In Section 5, we analyze how the correlation length of galaxy groups depends on the abundance of the systems in consideration, and we compare the observational results with theoretical predictions in Section 6. In Section 7, we use our results to discuss how one can understand the galaxy-galaxy correlation function in terms of the group-group correlation function and the galaxy occupation in groups. Finally, in Section 8, we summarize our results.
Unless stated otherwise, we consider a flat ΛCDM cosmology with Ωm = 0.3, ΩΛ = 0.7 and h = H0/(100 km s −1 Mpc −1 ) = 0.7 and with initial density fluctuations described by a scale-invariant power spectrum with normalization σ8 = 0.9. All distances are calculated using this cosmology.
GALAXY GROUPS AND DARK MATTER HALOES

The Group Finder
In a recent study (YMBJ), we developed a halo-based group finder that can successfully assign galaxies into groups according to their common haloes. The basic idea behind our group finder is similar to that of the matched filter algorithm developed by Postman et al. (1996) (see also Kepner et al. 1999; White & Kochanek 2002; Kim et al. 2002; Kochanek et al. 2003; van den Bosch et al. 2004a,b) , although we also made use of the galaxy kinematics. In summary (see YMBJ for details), the group finder starts with an assumed mass-to-light ratio to assign a tentative mass to each potential group. This mass is used to estimate the size and velocity dispersion of the underlying halo that hosts the group, which in turn is used to determine group membership (in redshift space). This procedure is iterated until no further changes occur in group memberships. We tested the performance of our group finder in terms of completeness of true members and contamination by interlopers, using detailed MGRSs. The average completeness of individual groups is ∼ 90 percent and with only ∼ 20 percent interlopers. Furthermore, the resulting group catalogue is insensitive to the initial assumption of the mass-to-light ratios, and the group finder is more successful than the conventional FOF method in associating galaxies according to their common dark matter haloes.
2dF Groups and Mock Catalogues
In YMBJ we applied the group finder described above to the final public data release of the 2dFGRS. This observational sample contains about 250, 000 galaxies with redshifts and is complete to an extinction-corrected apparent magnitude of bJ ≈ 19.45 (Colless et al. 2001) . The survey volume of the 2dFGRS consists of two separate declination strips in the North Galactic Pole (NGP) and the South Galactic Pole (SGP), respectively, together with 100 2-degree fields spread randomly in the southern Galactic hemisphere. When identifying galaxy groups, we restricted ourselves only to galaxies with redshifts 0.01 ≤ z ≤ 0.20 in the NGP and SGP regions. Only galaxies with redshift quality parameter q ≥ 3 and with redshift completeness > 0.8 were used. This left a grand total of 150, 715 galaxies with a sky coverage of 1124 deg 2 . We obtained a group catalogue of 70, 722 systems, of which 6764 are binaries, 2259 are triplets, and 2471 are systems with four or more members.
As discussed in YMBJ, it is not reliable to estimate the (total) group luminosity based on the assumption that the galaxy luminosity function in groups is similar to that of field galaxies. We therefore used a more empirical approach to estimate the group luminosity L18, defined as the total luminosity of all group members brighter than M b J − 5 log h = −18. As demonstrated in detail in YMBJ, L18 is tightly correlated with the mass of the dark matter halo hosting the group, and can be used to rank galaxy groups according to halo masses. As already shown in YMBJ, the group catalogue is virtually complete over the entire redshift range (0.01 ≤ z ≤ 0.20) for groups with L18 > 10 10.5 h −2 L⊙ (right-hand panel). For groups with smaller L18, the catalogue is incomplete: groups with 10 10 h −2 L⊙ < L18 < 10 10.5 h −2 L⊙ are only complete to z ∼ 0.13 (middle panel), while those with 10 9.5 h −2 L⊙ < L18 < 10 10 h −2 L⊙ are complete down to z ∼ 0.08 (left-hand panel). Note that the redshift distributions of the MGRS agree nicely with the 2dFGRS, indicating that we have properly accounted for the various incompleteness effects when constructing our mock surveys (see Yang et al. 2004a and van den Bosch 2004a for details). With these considerations, we can construct volume-limited group samples by ranking all groups according to their L18. The brightest N groups then form a volume-limited subsample. Using this ranking-technique we construct 9 subsamples Oi, where i = 1, 2, · · ·, 9 correspond to different choices of N and the maximum redshift zmax. Rather than characterizing different subsamples by N and zmax, we use the mean group separation, d = n −1/3 , where n is the number density of groups in the subsample. Table 1 lists the subsamples thus selected, and which form the observational data base for our analyses.
In YMBJ, we also applied our group finder to eight MGRSs constructed using exactly the same selection criteria as the 2dFGRS (see Yang et al. 2004a for details). Here we make use of these mock group catalogues to test the relation between the groups and the dark matter haloes. For this purpose, we generate eight dark halo catalogues from the eight MGRSs. In which, we select all dark matter haloes in our 'virtual universe' with 0.01 < z < 0.20 that are within the area of the sky covered by 2dFGRS where the completeness is larger than 0.8. Note that these haloes are not exactly the same as those corresponding to all selected groups, because the later are not complete due to the survey selection effect. Subsamples of mock groups and dark matter haloes are constructed in the same way as the 2dF group samples, i.e. according to the L18 ranking for mock groups, or according to halo mass ranking for dark matter haloes. We denote these two sets of subsamples as Mi (for mock groups) and Hi (for dark matter haloes). Subsamples Oi, Mi and Hi all have the same number of objects for a given i. Since we have 8 independent MGRSs, for each i we have 8 independent mock subsamples and 8 halo subsamples. All errorbars quoted below are based on the scatter among these subsamples.
THE TWO-POINT CORRELATION FUNCTION
We compute the group-group (or halo-halo) 2PCF ξ(rp, π) using the following estimator
with DD , RR , and DR the number of group-group, random-random, and group-random pairs with separation (rp, π) (Hamilton 1993) . Here rp and π are respectively the pair separations perpendicular and parallel to the line-ofsight. Explicitly, for a pair (s1, s2), with s i = czir i /H0, we define
Here l = (1/2)(s1 + s2) is the line of sight intersecting the pair, and s = s1 − s2.
Except for O1, all 2dF samples listed in Table 1 contain sufficient numbers of galaxy groups for a proper determination of the 2PCF. Fig 2 shows the contour-plots for the ξ(rp, π) of some of these samples. Panels from upper left to upper right and from lower left to lower right correspond to samples O3 -O8. Notice that these ξ(rp, π) look very different from those of galaxies (e.g., Hawkins et al. 2003) : the only deviation from isotropy is a flattening of the contours at large separations due to the infall motion induced by the gravitational action of large scale structure. Unlike for galaxies, no finger-of-God effect on small scales is present, due to the fact that groups themselves are virialized objects rather than test particles in larger virialized potentials. As we will Column (1) indicates the sample ID. Columns (2) (number of groups) and (3) (redshift range: 0.01 ≤ z ≤ zmax) indicate the selection criteria. Column (4) lists the mean separation (d = n −1/3 ) of the selected groups. Columns (5) and (6) list the redshift space and real-space correlation lengths, respectively, obtained fitting ξ(s) with ξ(s) = (s/s 0 ) 1.8 (5 ≤ s ≤ 15 h −1 Mpc) and wp(rp) using ξ(r) = (r/r 0 ) 1.8 (3 ≤ rp ≤ 15 h −1 Mpc), Column (7) and (8) indicate the r 0 and γ obtained fitting wp(rp) using ξ(r) = (r/r 0 ) γ . Column (9) indicates the bias of groups relative to that of the fiducial O6 sample, and column (10), finally, lists the β parameter with 1-σ variances obtained from the scatter among 8 mock group samples. Table 1 ), indicating an increased inclusion of less massive systems. Note that samples with smaller d reveal a more pronounced flattening of the contours (see also Section 5 and the right-hand panel of Fig. 7) . see in Section 5, this absence of virial motions on small scales makes the interpretation of the redshift distortion easier. Since the redshift-space distortion only affects π, the projection of ξ(rp, π) along the π axis can get rid of the infall induced distortions and give a function that is more closely related to the real-space correlation function. This projected 2PCF, wp(rp), is related to the real-space 2PCF, ξ(r), through a simple Abel transform (Davis & Peebles 1983) . Therefore, if the real-space 2PCF is a power-law, ξ(r) = (r0/r) γ , the projected 2PCF can be written as
The black dots in the upper panels of Fig 3 show the projected correlation function wp(rp) of 2dFGRS groups estimated from ξ(rp, π) using eq. (3) with the integration range set to |π| ≤ 40 h −1 Mpc. For comparison, we also plot wp(rp) for the mock groups (solid line with errorbars). The three panels correspond to samples with mean separation d = 34.74 h −1 Mpc, 17.37 h −1 Mpc, and 7.22 h −1 Mpc, as indicated. Overall, the agreement between data and mock is extremely good. An exception is the large scales in sample O8 (d = 7.22 h −1 Mpc) † , where the wp(rp) of the mock groups is significantly underestimated. This is due to the fact that this sample occupies a small, nearby volume, which in our MGRSs is represented by a small box-size simulation that does not properly sample the large(r) scale structure (see Yang et al. 2004a for details).
In most previous studies of group-group correlation functions, the redshift-space 2PCF ξ(s), rather than the real-space 2PCF, was used to represent the clustering strength (Croft et al. 1997; Park & Lee 1998; Zandivarez et al. 2003; Bahcall et al. 2003; Padilla et al. 2004) , In order to allow for a comparison we also compute the redshift-space correlation functions which are shown in the lower panels of Fig. 3 . Here again, the results for the mock samples match those of the 2dFGRS samples remarkably well, except at large radii in sample O8.
THE RELATION BETWEEN GALAXY GROUPS AND DARK MATTER HALOES
So far we have focused on the 2PCFs for groups in the 2dF-GRS and in our MGRSs. We now examine whether these † We find a similar discrepancy between data and model for sample O9, which is limited to an even smaller volume, with an even smaller mean separation, than sample O8, results can be understood in terms of 2PCFs between dark matter haloes in the ΛCDM concordance cosmology. Since the clustering properties of CDM haloes are well understood Sheth & Tormen 1999; Jing 1998; Sheth, Mo & Tormen 2001; Jenkins et al. 2001; Seljak & Warren 2004) , such a connection between the populations of galaxy groups and dark matter haloes enables us to understand the clustering of groups in a cosmological context.
As mentioned above, the luminosity of a group, L18, is tightly correlated to the mass of its host halo. Therefore, groups ranked by the value of L18 may be used to represent dark matter haloes ranked by halo mass. To check this, we compare the correlation functions of mock group samples (M1, M2, etc) with those of dark matter halo samples (H1, H2, etc). The results are shown as solid and dashed lines, respectively, in Fig. 3 . Note that the correlation function of mass-ranked dark matter haloes matches that of L18-ranked groups remarkably well.
In order to facilitate a more direct comparison we fit each wp(rp) with a single power-law of the form (4) over the range 3 h −1 Mpc < rp < 15 h −1 Mpc. We treat the slope γ either as a free parameter or keep it fixed at a value of γ = 1.8. In the latter case, the fit is used to determine only the correlation length r0. The differences in the correlation lengths estimated with fixed or free γ is less than 10%. Fig. 4 shows r0 (obtained keeping γ fixed) as a function of mean group separation for both mock groups and dark matter haloes. The agreement between the groups and dark matter haloes is remarkably good, especially for massive/bright systems (note that they have been offset from each other by ∆ log d = 0.03 for clarity). At small values of d, i.e. for faint groups and low-mass haloes, the groups have slightly lower correlation lengths than the dark matter haloes. This discrepancy is at least partly due to the incompleteness of the 2dFGRS (which we have mimicked in our MGRSs). Due to this incompleteness, which is not present for the dark matter haloes, the true mean inter-group separation is overestimated. Note that the effect of incompleteness is less important for larger groups; although some of the member galaxies are missed, they still contain sufficient members to be identified as a group.
We have also estimated the redshift-space correlation lengths, s0. In this case, we adopt a simple power-law model, ξ(s) = (s/s0) 1.8 , to fit ξ(s) over the range 5 h −1 Mpc < s < 15 h −1 Mpc. The lower limit of s adopted here is larger than that of rp used in fitting wp(rp), because the redshift-space correlation is not well described by a power law at smaller separations (see lower panels of Fig. 3) . As for the realspace correlation lengths, we find extremely good agreement between the s0 of mock groups and dark matter haloes (not shown).
All these results provide strong support for a tied correlation between group luminosity and halo mass, clearly demonstrating that the groups ranked by luminosity can be compared meaningfully to dark matter haloes ranked by halo mass. . Relation between correlation length, r 0 , and mean inter-group separation, d, for groups (solid circles) and dark matter haloes (solid squares) in the MGRSs (errorbars indicate the 1-σ scatter among the eight independent mock catalogues). For clarity, the results for the dark matter haloes have been shifted to the right by ∆logd = 0.03. Note the good agreement between groups and haloes, indicating that groups ranked by luminosity can be compared directly to dark matter haloes ranked by halo mass. Thick and thin solid lines correspond to theoretical predictions based on the halo bias models of SW04 and SMT01, respectively. Note that the difference between these two model predictions is larger than the scatter among our eight MGRSs (see Section 6 for a detailed discussion).
ABUNDANCE DEPENDENCE OF GROUP CORRELATION FUNCTION
Having established a tied correlation between group luminosity and halo mass, we now return to our 2dFGRS group catalogue. Using the same fitting procedure as described above, we determine the correlation lengths r0 and s0 as well as the slope γ for 2dFGRS groups. Results are listed in Table 1 (columns 5 to 8). In The correlation strength of a sample can also be described by the ratio of its projected correlation function and that of a fiducial sample. The relation between the redshift-space correlation length, s 0 , and mean group separation, d, for our 2dFGRS group catalogue (solid dots), compared to those of the SDSS (Bahcall et al. 2003) and 2PIGG (Padilla et al. 2004 ). The dot-dashed line corresponds to the best-fit power-law, s 0 = 1.88 d 0.61 .
of mean group separation in the left-hand panel of Fig. 7 (numerical values are listed in column (9) of Table 1 ). For a given sample the value of s0 is systematically larger than r0 (cf. columns 5 and 6). This is due to the enhancement of clustering in redshift-space due to gravitational infall. To quantify this redshift distortion, we use the model of Kaiser (1987; see also Hamilton 1992) . According to linear theory, the infall velocities around density perturbations affect the observed correlation function as
where P l (µ) is the l th Legendre polynomial, and µ is the cosine of the angle between the line-of-sight and the redshiftspace separation s. According to linear perturbation theory the angular moments can be written as
ξ4(s) = 8β
with
and
In the above expressions, β is the linear distortion parameter, which can be written as β = Ω 0.6 m /b, where b is the bias parameter of the objects under consideration. Given the real-space correlation function, which can be obtained from wp(rp), eq. (5) can be used to model ξ(rp, π) on linear scales. The value of β can be obtained by comparing the model predictions with the observed ξ(rp, π). We fit the observed ξ(rp, π) in the range 8h −1 Mpc ≤ s ≤ 20h −1 Mpc with eq. (5), using β as the only free parameter. The right-hand panel of Fig. 7 plots the β values thus obtained for both mock groups (squares with errorbars) and 2dFGRS groups (solid dots). Although there is significant scatter, there is a clear trend that groups with a smaller mean separation d (i.e., less luminous groups) have larger β and thus a stronger distorted redshift-space correlation function (this is also directly visible from Fig. 2) . The numerical values of β for the 2dFGRS groups are listed in column (10) of Table 1 , together with the 1-σ variances obtained from the scatter among the 8 MGRSs.
COMPARISON WITH THEORETICAL PREDICTIONS
The tests described in the previous sections show that the abundance-dependence of the group-group correlation function can be explained in terms of the halo-halo correlation function (after all, we constructed our group finder to associate galaxies according to their common dark matter halo). This implies that we may directly compare the 2dFGRS group-group 2PCF with halo-halo correlation functions predicted by current models of structure formation in order to constrain cosmological parameters. The mean number density of dark matter haloes with mass M > M1 can be estimated through,
where n(M ) is the mass function of dark matter haloes, which can be estimated analytically from the PressSchechter formalism (e.g. Press & Schechter 1974; Sheth, Mo & Tormen 2001, hereafter SMT01) . The mean bias for haloes with mass exceeding M1 can be estimated from . Throughout we use the halo mass function of SMT01, which has been shown to be in excellent agreement with numerical simulations (e.g., Jenkins et al. 2001; White 2002) . For the halo bias parameter, we use the models of both SMT01 and SW04 for comparison. Using d = n −1/3 and r0 = b 2/1.8 r0,DM, with r0,DM the correlation length of the dark matter, we compute r0(d).
Here the linear power spectrum is computed using the transfer function of Eisenstein & Hu (1998) , which properly accounts for the baryons. While the non-linear power spectrum, which is required in calculating the dark matter correlation function and r0,DM, is computed using the fitting formula of Smith et al. (2003) . The solid lines in Fig 4 show the model predictions thus obtained using the bias models of SW04 (thick line) and of SMT01 (thin line). The difference between the two bias models is quite large, and much larger than the 1-σ variance among our 8 MGRSs. Thus, although the r0-d relation can now be accurately determined from observational data the current models for halo bias are not yet accurate enough to allow one to obtain stringent constraints on model parameters (see below).
In the left panel of Fig 5 we compare the results obtained for the 2dFGRS groups with various theoretical predictions. The thin solid line corresponds to a standard ΛCDM model with σ8 = 0.9, obtained using the bias model of SMT01. The thin dashed line indicates the prediction for the same bias model but with σ8 = 0.7. Based on this, one might conclude that the observational data is in better agreement with σ8 = 0.9. However, if we use the bias model of SW04 (thick solid and dashed lines), the σ8 = 0.7 cosmology matches the data better. Note that although the bias model of SW04 may be more accurate than earlier models, the uncertainty of the bias parameter at the massive end is still 10 to 20 per cent, which is much larger than the error on the observational results. Clearly, the halo bias model has to be improved further, in order to make full use of the constraining power of the present observational results. Fig. 7 compares the theoretical predictions for the relative bias b/b(O6) (left panel) and the redshift-distortion parameter β = Ω 0.6 m /b (right panel, assuming Ωm = 0.3) with our observational results from the 2dFGRS. Due to the normalization at a given d, the predicted relation between the relative bias and d is quite similar for different models (i.e., the relative bias is fairly insensitive to the value of σ8). More importantly, all model predictions are in good agreement with the observational data. The observed value of β as a function of d is also well described by the theory, but the errorbars are too big to provide stringent constraint on model parameters.
UNDERSTANDING THE SHAPE OF THE CORRELATION FUNCTION OF GALAXIES
It is well known that the real-space correlation function of (normal) galaxies is remarkably well described by a single power law for r < ∼ 10 h −1 Mpc. Given that the mass correlation function predicted for typical ΛCDM cosmologies is significantly curved on these scales, it is important to understand the origin of this power-law behavior. Jing et al. (1998) were the first to show that, if the number of galaxies in a dark matter halo increases with halo mass as a power law, with a power index moderately below unity, and if the number density distribution of galaxies in massive haloes has approximately the same profile as the dark matter, the observed power-law shape of the galaxy correlation function can be reproduced. This kind of galaxy bias on small scales is now well understood in the current halo occupation model (Peacock & Smith 2000; Seljak 2000; Scoccimarro et al. , 2001; Jing, Börner & Suto 2002; Berlind & Weinberg 2002; Bullock, Wechsler & Somerville 2002; Scranton 2002; Berlind et al. , 2003; Yang, Mo & van den Bosch 2003; van den Bosch, Yang & Mo 2003) . In the halo model, the 2PCF of galaxies can be decomposed into two terms:
where ξ 1h represents the correlation due to pairs of galaxies within the same halo (the "1-halo" term), and ξ 2h describes the correlation due to galaxies that occupy different haloes (the "2-halo" term). In the standard ΛCDM model ξ(r) has a characteristic scale at r ∼ 1 -2 h −1 Mpc, where the dominating contribution to the 2PCF makes a transition from the 1-halo term to the 2-halo term. Therefore, some departure from a pure power law is expected for populations of galaxies for which the 1-halo and 2-halo terms are not well balanced.
In fact, such a departure, albeit small, has recently been found in the projected correlation function of SDSS galaxies (Zehavi et al. 2004) .
The various analyses in the previous sections have shown that our groups selected from the 2dFGRS are nicely related to dark matter haloes. Therefore, we can directly measure the '1-halo' and '2-halo' terms of the 2PCF, by computing the '1-group' and '2-group' terms. Fig. 8 plots the projected two-point correlation functions of 2dFGRS galaxies that are associated with groups of different abundances. The '2-halo' (2-group) term of the correlation function, w p,2h (rp), is estimated by the group-group correlation function, with each group weighted by Wg = 1/c, where the summation is over all group members, and c is the survey completeness at the position of each group member. The '1-group' (1-halo) term is simply obtained from
with wp,tot(rp) the projected 2PCF of all group galaxies in the sample. As is clear from the figure, wp,tot(rp) on scales rp > ∼ 3 h −1 Mpc is dominated by the '2-halo' term, while on smaller scales (rp < ∼ 1h −1 Mpc) the '1-halo' term dominated. Note also that for galaxies residing in massive systems (i.e., large d), the projected correlation function clearly deviates from a pure power-law; for these galaxies, the '1-halo' term is significantly enhanced. This occurs because the '1-halo' term contribution from a large group is proportional to Ng(Ng−1) (with Ng the number of galaxies in the group), while the '2-halo' term contribution is proportional to b 2 , which increases with halo mass at a slower rate. When adding more galaxies to the sample hosted by smaller haloes (i.e., decreasing d), wp,tot(rp) becomes better described by a pure power-law. In particular, as shown by the solid line in the lower right-hand panel, when all galaxies (150,715 galaxies with 0.01 < z < 0.20 and completeness > 0.8) are included, the correlation function is well represented by a single power law.
As an additional test, we estimate wp,tot(rp) for a sample in which we remove all galaxies in most luminous groups such that the total number of galaxies in the sample is halved. Thus, this sample contains only galaxies in low-mass haloes. The correlation function for this sample is shown as the long dashed line in the lower right panel of Fig 8. As for the complete sample, the projected correlation function of this sample is well described by a power law, with a slightly shallower slope as for the complete sample.
Therefore, we conclude that the power law form of the 2PCF is obtained as long as the number of galaxy pairs with small separations (r < ∼ 3 h −1 Mpc) is dominated by relatively isolated galaxies. For galaxies hosted by massive haloes, however, the 2PCF deviates significantly from a pure power law, in that the '1-halo' term is relatively enhanced.
CONCLUSIONS
We have measured the 2PCFs for galaxy groups in the 2dF-GRS group catalogue constructed by YMBJ using a halobased group finder. We have shown that the current data allows one to estimate the correlation function accurately for a wide range of different systems, ranging from isolated galaxies to rich clusters of galaxies. Ranking groups according to their luminosities, L18, we have studied how the correlation of groups depends on group abundance. Consistent with previous studies (e.g. Bahcall et al. 2003; Padilla et al. 2004) , we found that the amplitude of the correlation function increases with group luminosity (richness). The dependence of the redshift-space correlation length s0 on the mean intergroup separation d can be quantified as s0 = 1.88 d 0.61 , while the real-space correlation length r0 reveals a somewhat steeper dependence: r0 = 1.11 d 0.75 . Using mock group catalogues, obtained from detailed mock galaxy redshift surveys, and the corresponding catalogues of dark matter haloes, we have shown that the correlation functions of the 2dFGRS groups can be understood Figure 8 . The projected two-point correlation function wp(rp) of galaxies in different samples of groups. The solid lines indicate the total correlation functions, wp,tot(rp), of all galaxies in group samples O4 (upper left), O6 (upper right), O8 (lower left) and of all (150,715) galaxies in the 2dFGRS sample with 0.01 < z < 0.20 and completeness > 0.8 (lower right). The short dashed lines indicate the corresponding '2-halo' terms, w p,2h (rp), estimated from the group samples. The dot-dashed lines are the corresponding '1-halo' terms obtained using w p,1h (rp) = wp,tot(rp) − w p,2h (rp). Finally, the long-dashed line in the lower right panel indicates the projected correlation function of that half of all galaxies that is not associated with the luminous groups. See text for details and discussion.
in terms of halo-halo clustering. The observed correlation length (and the corresponding bias factor) as a function of group abundance is well reproduced by associating galaxy groups with dark matter haloes in the standard ΛCDM model. In particular, the groups ranked by L18 match extremely well with dark matter haloes ranked by mass. We found, however, that current theoretical predictions for the halo-halo correlation functions are not yet accurate enough to allow us to use the observational results to put stringent constraints on model parameters in the ΛCDM cosmogony.
Analyzing the correlation function for galaxies associated with different groups, we were able to to understand the 2PCF of galaxies in terms of group-group correlation and galaxy occupation in groups. In particular, we showed how our results can be used to understand why the correlation function of normal galaxies is approximately a power law on small scales, and when the power-law form is expected to be broken.
